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[tt#J» 1] 
[»*JH2] 

Jl 1 fc SB « © * *s . 

* tt ft: *« . M K £ M * . Klt$lt«J:0^Di;t>li±Ml»6lk«ff»&lK 
CW*JS4] 

**«»©j5»KfflH6n**»«Offl«lpH«tttpH2. 5"Ca&5 Ct*Hait5tt 

* « 1 IB * © # & . 

s * 19 ffl &® immfr 8mm<Dm-v$>z> z. &m#j% 1 tc ib « © # & . 

[S»#3t6] 
[1***7] 

&y>m&W&n#)\Z±1ZL<DMme>*:£ (Hordeum vu 1 gar e) Hfi £ #t & 3 tl 2> Z. £ £ # % t "T 
ft/^AElOg^U'/^^ • :*-»J :* X # X (Rhizopus ol igosporus) 

^^<t-r-5w*]Ri k E * © # * . 

i't/X^h'SOl^ijyyx • t U^X#iM (Rhizopus ol igosporus) # 88 #c "C & 
J189 (NRRL 2710). J 373 (CBS 337. 62). *3 J; J401 (ATTC 64063) jfc 6 a & 5 tl -5 Z t 
*#IS<i:-rs«*«l 1C SB SS © 55 . 
[M*£10] 

?tyx*k'I©M^'J'/^x • tU^X!)?^X (Rhizopus ol igosporus) #8ttfcJ401 ( 
ATTC 64063) T? * * £££#gfc<h-r£f»#Jll 1C SB « © i£ . 
[f»#J£Ul] 

-T>*;l^-~> 3 >£3 0 t £> 3 7tOMOi*Tfi5CtSW«it5ll5Kfll KB 
*©;£*£«, 
[St#JBl2] 

&mtsnfz^mm®mw&&wm\z#ife&ft&&zfiffi8i2tiz> z tstatt -as*** 1 
C IB « © ^ . 

C»*JS13] 

& <i lT -5 St # Hi 1 K SB « © >5 & . 
[»*3S14] 

sb m. © u m . 
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fc«HOT*;:iS#«£-rsiil#J*l 3 K IB « <D # ft „ 
[f»#Jgl6] 

17] 

£&R$ja*£ Cl AS (Hordeum vu 1 ga re) \Z <fc o T *t (R $ tl -5 C t * # m £ T -5 M * m 1 6 
IB ft CD 58 » ft . 
[|»5*J» 18] 

i'tyXAfiCS^, U • * >J #fX»Bt*fib & J 189 (NRRL 2710), J37 

3 (CBS 337. 62), & & Zfi J401 (ATTC 64063) ^ £ S jR £ tl -5 C <h £ ft ® £ f £ ff ^ qf 1 6 
IB « CD fg V ft A . 
[»*3S19] 

fty^^jHI©!*?, U • ;t U #;i/X#SS#J401 (ATTC 64063) T? & -5 C t 

i 8 tc ib ft © 3? & ft & . 

[»#JS20] 

» «i * <d 7 ^ > k m& # 5as*s% cd 7 -< >m<s m <t it $& i, t 4>&< tt> 7 0 % ^ 4> 
c«*ja2i] 

[ fg 9§ <d t£ & is m ] 

[ 0 0 0 1 ] 

*fe^« AcDftfli CDfg^^S. 4# fC i7 J X * tf (Rhizopus) JR (D * fcf £ ffl ^ & £ fti R 
^^.CDfg^StlAScDKjficDefe^^SCII-r-So 

[ 0 0 0 2 ] 

«SDL^^*^AP^*3fc*tCl&#(D#B«6^iLT^ftWtff)S^-r^TcDJgi|Sf<D 

S!£<D*iJJB£ji.itL. ^#T^l!i^lffl^5|EKDJ;0^<*A^ffl*S.^t^^Lfe^n«^ 
<=> & . 
[ 0 0 0 3 ] 

« * 1* w c « ^ 3 c t ^ <d m & &'iz 1$ v -o -o •$> z> « ^n«to^ttsieiioAnetife» 

9>rti>m. (mycoprotein) MM IZ ft 2> fa M#) \Z £ ^> T MM 2 tl Z> . # 58 BJ§ <d @ 
[ 0 0 0 4 ] 

-f > h* * v 7 tc £ T . ^fflftfHT, »!®tC<l;-5fg»(Cj;oT^^$n-5^1'X^^ 
ftTfeSf >^ (tempeh (tempe)) ifl J; < m V> S *X T V> S . ? > ^ « -f > y > V y. , X > 
H f V ;* , /jN^^i'tDft&cDililsfd^SJjfrscifcT^-So < >F^x7Tlir>^lit 

T /hM « £ g $ *T. T t> 3 ;i <h £ *t , B^feiDt^I-eBy-f Xr>^ro 

*SH4l!5«ffttlTlr^. L-^b'T->^<D^a-e«IS^#)<DgA^ l a»CD^»j*i@^ 0 

T ^ . Lfc«SoT*5§«ot)5 l^©iW«^>^^©fg|£ftiS©Mi£©&ii:$rft£JI 
«f £ £ £: T & & „ 
[ 0 0 0 5 ] 

R#>(**, A*. H*, ^-h*)«^^tC^»^^*±<D!|#tt^#-r-g>. JSttttlbtt 
i^iLTJ;<ffll^tl5. /h * *S J; * - b U K 0« X l$m ft ffl > U 7;P£§?jfr-5fci& 

ic fc ffl ^ s n . /Jn * ^ « yt > m ^ *5 J; a > ic « ^ n -s o A $ « ± 1 t: - ;kd » ig c « 
t^e-n^o ^-r*«^(c/i>(Dffi!)S^ffl^e>n-5. *fgsj(D@6<]coi^tti5^icD^ffiffl(D 
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[ 0 0 0 6 ] 

(Hordeum vulgare) tt # Ht A ** Wtt S -5 *« , IftU±l:lii^i LT 

It T tt ft v> . Lfc*5oT*5?i©gfl()©10li, A m m © * » K * W -5 * * © flj « * Jtf JD 
£ * S fc «> K , ***6 0«ffi&ft««rStE«T«ttT»S. SU © S ftte . A © & ffl © 

[ 0 0 0 7 ] 

3 0*££J,±mf, Hesseltine £> (New fermented cereal products, Dev. Ind. Microbiol. 
, 1967, 8, 1 79-1 86) tt , > F * *> 7 © ^ > ^ » * * & » & ft fc U »/ 7 * ( 9 ^ y X £ 
b*®) • ^- "J JX7j?;M (Rhizopus oligosporu) © g ft £ ffl T , /hi, h*. 
5 -f * . A * . * , 43 J; , **fctt/h*4:^-fXi:©|i^li-*»6. ^^^>^^*S 

TfcSCltatjimsnfc. &SrtT^T|jfe^HCbfca^©^SgT^:ifcO^Tt)ttLfci 
£ 5 , 2»IW©*»«3|H|3&t J jjRT?ftsj:a:3J«aiB*tlfc. Hesseltine S © 

^Kli^tyx^t'l (Rhizopus) ©#£©#£* tta*#JJBT€fS£££jR-r*>©T?&ofc 

. >^^^«p*«t^reK^»a5^^*^-rs*«7 s 

c t a* « n l ^ . 

[ 0 0 0 8 ] 

JP58158148A (1982^3^15B©JP19820039413^-) (CW: 

H£4. 0-7. Ofcill-5. *V>T*»tl* 3 0 - 6 5 XCIt*iT*»«|l)!i 
U l/^X • * U rf X #;PX (Rhizopus o 1 igosporus) ffi Jg "T -5 ft £ & £ ^ilP L , t* 
5 i: 5 L t © & 2 8~3 4-CTl8^$1i-^,„ Hi*«©i|Br8K#fflT?*0. 

[ 0 0 0 9 ] 

«fc 0 SJfi T ttNowak (Ac t a B i o t echno l . , 1 2 (1992) 4, 345-348) & iftcj: D . Wk<&) 7~ > ^ 
[0010] 

Hachmeister 43 <£ t£ Fung (Critical Reviews in Microbiology, 1 9 (3) : 1 37- 1 88 (1 993)) 

e><Mjz^w.i&mm\z & & £ . r > ^<d £m<d tc & com.* Km® <d mmwmmz nx ^ z> . 

t#iJnxH5. Hachmeister43 J; tfFungte , S$ b <.ft nfttiftosJ g$i|ft §fc 

«>t3ifec«fcoMMs-r«nitgtttr)^TaiiiL,Tus. l- ^ i, ^ tui y -r x k © * jg « £ 

ftfe<t5T$0, Hachmeister 43 <fc Fung« H £f £ L T /h M £ m ^ -5 « ^ & ® W « & 
[001 1 ] 

±IH*iJHC*5tiT^#T*-5 Hachmeister 43 J: Fung BJft < IS ^ ffl t/h* 

> , 4 * &n&r>'< an 7-\t&t< tzxvt. x^-rx 
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\Z ft & H C t m m L- T l/i -5 0 
[0012] 

a <d & m <d m mtt mmm®> mm® * m &r z \z $> rc ^ x \t . mm±&&v$;±±<Dmm$: 

© « « . mna.ix.mm. ms-w^m. a*, * « . & & zt£.m m o ± # <d n mtj. a & m z 
n-s „ 

[ ?g m © m 7* ] 

[0013] 

# fg © =ftr # «J g Wte, S£*«^F nltg-ea& S t*jt5nTl>fc»ttT»5, M©«ig_fc 

[gg^£#?&T&/fcis&©^I£] 

[0014] 

( 58 91 © St ® ) 

* ?g \t , 5 t y 7 A t' ( U >/ y X ; Rh i z opus ) JS © * f £ ffl V> fc £ & & m A> & © fg gf % 

m*Lfem, ftizz\<D*^7<Dmmt£*£frz<D£&®<Dmm<Dmmu&&xw ; zm&-rz> 

tKJcD, #fgBJJ#'E>tev i7 t / X A f (Rhizopus) © Jgf Jfc fig £■ (Hj jgf -5 3 (,> « g 

m z. & . ^fe*^©^Bs«!»^st», #c*sa>e»©f£Bi£g$&££iiLfc„ sec*** 

[0015] 

(IK9i) 

A* (Hordeum vulgare L.)BX^i-r>C$ff!i)0 1^TSI.. fi£ SB IS €r fc> «> T 
[0016] 

) c: & B k ^ b t t> -5 . K x » , X & , « & , K*5«fcafrtE^^e>«fi£$n-5. * * © 

[0017] 
[0018] 

K.*«k^«i»«*«»**tiT^*(afflT€ra«^)c:a:*Kt»,»Ttt, HKWt 

[0019] 

r «*J iLTtt^tl^Sax-tS. ^.&*»*Sfe±?^fiE-a-r. Htt*,fcIg:|3.fctfW*Ig* 

© « tt a # jk ^ & x a * «k w • 1 s »c * v» t « ii> r * . ctie.©fta«-t©s*ffl^* 

[ 0 0 2 0 ] 
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7->7>T'& 0 . f01li^>;^I(OA-t>f-^l:Stt«!lt5. ^>^>-^g«5 

9 ©£l 2 2-2 6 X«I7SD-7TJ»5. *>A<***«tt-«fc9~l 4 % T £ -5 . 
[ 0 0 2 1 ] 

#a,t- & o , rtEAi^s©*j**!»©ij.fc-*7 5%©«-&s l 5«>.5. ingic^^tis - 
y * * > \t 9 > * ft It & ^ L . *>/t*#*»**j:tf5*>7>#***©fpjBfc#-r 

[ 0 0 2 2 ] 

X (R. ol igosporu) © & <<r & # MW © RB It $ m It 43 U T A £ & ffl it ifi & -5 £ £ £ Ji fcfc| L 

o 

[ 0 0 2 3 ] 

[ 0 0 2 4 ] 
[ 0 0 2 5 ] 

im i ] 



^1 : 'ft & 3d £ il? GO H £ t 

^ & ^ ^ t^^^tt 

vSSSrof g^«/> (> 7 o % ) 

^,U=f*xa-,u/:/a fcf ^ * V D CO ^ ^ 



[ 0 0 2 6 ] 

m < z. t\z±fofr $ <D^&mw3i&yooM7g. # \z ^m^m t > ^ ?> m & \z & x 

«»^S«^ Ml* IB* *»WpfWft«t«S*XS^*W<5 p H, *LT>f >*^^-~> a 
[ 0 0 2 7 ] 
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©1t£T&&. 8«Olt>aiftj9%|li, m V ti If m (Aspergillus) . 

*\fm (Penici 1 1 ium) *3 <fc Zfi y *f U £ A JS (Fusarium) Olft fofitfel), *ffl»§ 
All© + T tttt^K (Bacillus subtilis) A > \z *3 -5 *fi » 14 £ §1 * E d f t> © t L 
Tft £ *1T U -5 . #fg BJ# s a*?T o fc , tt^ffl (Bacillus subtilis) . J| ft ^ h* £fc » 
(Staphylococcus aureus) , & J; fll j| (Escherichia coli) & m H fz ft £ <&) $C S IS 

# *IJ 91 L ta . 
[ 0 0 2 8 ] 

^SrSslJOLfc. (B. subtilis) . tfi^ K^iJi (s. aureus) . 

MS (E. coli) ttfe^f 4iftl:i5^T4$fcESSfcLa^Ci:5gtt,OTfe 

■3 & . ^>^<DMm^m&&i%\z&^£\,*5 z. ttfit;<mt>nT^2>fii)s(>. £ © *g m « as 

[ 0 0 2 9 ] 

<f ft5A^T*5. *> 4 & 8 ft M . ffSL<ti»54>66. 5 ft W , * t> £ L < 
[ 0 0 3 0 ] 

^tltt^ J X# bfJB (Rhizopus) Ah'HllDk^. g j* * © Wt 14 ft: K ^ -f X y- > ^ © 
4SIC^^TISc!tlT^5^Xi ( M $ ) f~ tl \t 15 % t- > ^ © 4; S IC \t £ T & 

#SL<ttttpH4**K-r^*-e*!J. I»©«ierite)bf»ftpHOi#ii^F§ 
tSiaiLfc. fcott)»SKttl!))iIpHH|<|2. 5T-&9gi(£pH«i&3. 

[ 0 0 3 1 ] 

*&W<D 1 ^©^fiM;: SEl4{tttS»I@tcffl^e>ti-5*®M^©»®^SE©^in 
l:ioTl(J$n5. iff mtum It — 8S>\Z$;±T' & 2> tm® <b tlT (GRAS :acid 

s generally recognised as sa f e) T a& o T & & ^ © 1£ ffl ^ £> <=> tl T <^ -5 © T & -5 . 

[ 0 0 3 2 ] 

& 14 ft; £ , igffllt, g«i8oi(:g!|4gt4ftSiJnt5utl:«):oTfeI)« 
T £ . B£ 4: g IK £ <K> . ¥LS4iI4«5*3<fctf^Det>S4ia 

^m±mm±m<D 7\z \t v V b A*-> 7 X® (Lactobacillus) . 

7^ FayAXl (Lactococcus) > □^nFyi'S ( Leuconos t oc) , ^ v Jr rj y * 
X® (Pedicoccus) . «i tfX hl/^ h 3 7 A XI (Streptococcus) © fifc 4; ^) * tl 
3. cn£©j»£#J«^5 AR&14T& 0 . #IS^#jfcttT?* 0 , * ^ 7 - if & 14 T? & 0 , 

. £ft£tt££lc&»14-C?S^»tt©if«14ffiT&-5„ AS^^fCffl^e>n. # fg bjk £ 
5 §E m \Z IP 0? jg ts. m © \t . 5 ? h A* -> 5 X • T •> v Y -J 4 7 X ( Lac t obac i 1 1 us ac i d 
ophilus) . 7i?t>A-/7X-*f'f (Lactobacilluscasei) , =7 9 V A -> 5 X • y ^5 > 
^JUA (Lactobacillus plantarum) , 5^ h /t y 7 7 • -y->7^>->Xzi (Lactobacill 
us san francisco) *3 «t 1$ =y 9 Y n -> 7 X • D-frU (Lactobacillus reuteri) * 

^ D © ^ y © n -f n y X h ^ H (Leuconos toe) . ^ i? 3r n y -ft x Jg (Pedic 
occus) , iii^xH/^F^yjiXl (Streptococcus) Oifc Aa4fl;tfflTi& 0 , 
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[ 0 0 3 3 ] 

ft«stt<z>tt#ttft:m9. -r tzt> mm mm® <d mm iz & ut mmtt®m z * 

fcLT^*:t«i»6nTi>«. L*l/*f6!i#6BI<'C«itl: > gl>i»eKt + 
ffi L Ac . £ Sfc P? IH « » £ L < it m 7 ~ 1 5^Fs1fflfs1TS(l, 15 1 Ofl-faWstftflSHS^fco 
[ 0 0 3 4 ] 

M±(D8,M ( □ ^ It 0 ) JctoT#Sicas^c:©»!iS«afi^«^S$tiT^^^„ #y 

* « . *st»e*6i«iHia*u. *v)T3o»r«»ifci&. »^«^>y>©-tf7^ 

><b©fca6fc#«t*6t)^©*Sfe©t^ofc. 

[ 0 0 3 5 ] 

flfe^ £ & Jfc-T -5 #1 * U U 1/ /X • * U rf X ;P X (R. oligosporus) (^-f Xr>^ii^ 

) vftmw&mmLfc. m 2 & »mz ntz^ . #8§i*«:^©Mt*#-*§- (jxxx, Dept. of m 

icrobiology, Swedish University of Agricultural Sciences, Uppsala, Sweden) t J; 0 
m V^fc U V ZfT, • * U 3 X i£)V7s (R. oligosporus) #«!*$©*-?, t~ J 1 
8 9. J 4 0 1. i5 £ J 3 7 3 &mm$imV0<DmiS , #9*5«ktffi©;&TJll#&'l#tt£ 

[ 0 0 3 6 ] 
[IS 2 ] 



m 2 : 


% L # Ml « 


^ £fc f§ 


^ S f£ # # 


J189 


NRRL 2710 


J190 


NRRL 5905 


J373 


CBS 337. 62 


J374 


CBS 339. 62 


J398 


ATCC 48011 


J399 


ATCC 48012 


J400 


ATCC 48109 


J40 1 


ATTC 64063 


J402 


ATTC 76011 


J403 


CBS 228. 95 



[ 0 0 3 7 ] 

>|3i£o, - m%^*>arU-hfcL, r« A f t >*UM ©If I: t5 

[ 0 0 3 8 ] 

5 P# m <D -f > 3r ^ — a > P# iff S V ^ o #5 1 7-2 3RH0!)^> + a^-y3>^ 
[ 0 0 3 9 ] 
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\tm < (coherent) . -?■ L X m. D Wl H . M Z. it X =7 -i 7, h ^> T u „ * ^ ?g © ^ S ^ T ffi 
3 £ * M & £ © £ <=> & £ ffl g © Pel , ^©^ffl^fi^LT&O, « * & ft g < « A. 

fcf#>a6^M) i:fift4#»tl/T**i:tlT*«. £ © \t ± ft &® © mm \z M h 

[ 0 0 4 0 ] 

tts. k £ s «» « * fc » &<<-&© ftt^fesrir-r-s. x>^a©eiit»3a:*a»K:Hta: 

^^££:«£f£©#i!fcft:te<fc tf*feft£ . Jg t> s # ift ft £ J: tt & ft 
IC j£ £ T . ^^MO^i^MftfC. &«fr>ttJi(ft£flkl*££4fe<Z>A:& 

fc»ip-raci**T?*4. ^i&ififf^^'tfftffs, ^^co»fift*ct^*i*ft. % 

•5. # 58 91 © 1 -P © tt * lc J; a t Sfe * «I S Bf 3 © * * ft * J: IK# ft ft * # tr * + 7?'«> *» < 

o 

[ 0 0 4 1 ] 

^tgfj^^fef^tfc^mbfc ^n«-f>^i^-'> 3 > m © tt a $ ntcm^ & © j$ - 

[ 0 0 4 2 ] 

ft < , «<^^*tc^«ig«ii^Lfc^ilitt©^¥©/ia^^^#l&fc*fUTffii©J^i*^ 

[ 0 0 4 3 ] 

m< ^€ n t k £ g & * # & £ «k lt fc*-©#tig£fc 

f±-€-©flfi©j*t©iaS*i«ft3^t«ft^ofc. ^aj£ft&^*>©T&ofc. t 

V> 5 © tt , **»4*»»C*t»T**Stl. a * V < fc V» A K © * ft # jg C -5 i Jg fe n fc ^ 
6 T a& a . 

[ 0 0 4 4 ] 
[ 0 0 4 5 ] 

**W©^r*0«fflfe±©5fejetttt##K:ifiS<. *J(69l:Rfti:»LTittf**CiiJ«S 
S n fc . «^^S^« J E-©g^K=ja*^^e»HJ^.^ftJ;5lciS^^^14^^Lfc. * * ■» 

ft ft . * # W . Ii*itf4«*©pf*Oii L.lr»»tt (*l*#BHSnfcVO j&* * 58 

[ * is m ] 

[ 0 0 4 6 ] 

1 . IgClft 

i . i 

3 0 0 g«iS ( TGourme tkornj tD?^«!**3«i;tXira^fflSLfc±* 
. *5 <£ r K o r n g r y n j t Vf & $t 'h ft . ^ £ *> Kungsornen, Jama, Sweden** 
£ A ^ ) J 5 0 0 m 1 ro#I*i:g»Lfc. JlttS«*fc»*£fc*.k'5fc«»*K:SSln] 
Lfc (0. 044. 0. 4 6 2 *5 J; 0 . 88#«%) . gftl^l, 3. 5 *5 «fc 6 Pf 
ffllZ-O^TWffiVtz. y =7 X 3 £SB£J L . 2 "C T ifc B b £: . 
[ 0 0 4 7 ] 

HS*©W«BKJ:D«»«flHie»4~8«fM. Jf?£L<«*<j5~6. 5 f% fB . f ltit.» 
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[ 0 0 4 8 ] 

1 . 2 

93 0 > m%L& 7 5 0 m 1 <D , 6 gOl (2 g/1 0 0 g^SSSS) & * 
& 16 K ( 0 . 029, 0. 3 0 9 5 ^ct^0. 5 9X)<OfL»*#*"rs»»*^*lPL/ 
fc o ft ft * & tr* T 1 0 , 2 0*ftB3 0»imHlfc. 
[ 0 0 4 9 ] 

[ 0 0 5 0 ] 
1.3 ftttft 

ftift* fc»Lft tftttT Z> C i fc <fc o Tittft^Sis J; p H -? cd ft'ift ® ftft £ ff ft 

[ 0 0 5 1 ] 

2. U^/yx ■ t'J^X#jl/X (R. oligosporus)#«tt*£>I¥fffi 

• t U^X*^X (R. oligosporus) © * 0> «fc © # ft *fe a* , It ^ T €T £ g ft £ M fa 
& ^ % L Z> & m ^ Z> C £ \Z L fz 0 

[ 0 0 5 2 ] 

'jy^X • t'J^X^^X (Rhizopus ol igosporus) © 1$ * & ft ft tfc £ U J] ? )V ± T 2 
TCeft^F Lfc, dtl^^iftfcte;, Centraalbureau voor Sch i mme 1 cu 1 tures (CBS), Delft, 
The Netherlands £ fc \t American Type Culture Collection (ATCC) , Manassas, VA, U 
SA £ fc \$ Northern Regional Research Laboratory (NRRL) , Peoria, IL, USA,fr>£#fc 
fe<DT*£#*, tA^^coM^*^ (JXXX, Dept. of Microbiology, Swedish University 
of Agricultural Sciences, Uppsala, Sweden) f:J:^Tit^ e ( ^ 2 £ # M £ tl fc V> 

) o 

[ 0 0 5 3 ] 

J189, J190, J 373, J 3 74, J 398, J 399, J400, J401, J 402, *5 if J403. 
[ 0 0 5 4 ] 

2 . i mmm^mm 

IS^ftJ&^«»«£#Sfc«>fc, #ftj* £ l 0 0 p pm©^n^A:7x-ri-;i/ ( ME AC, 
Sigma chemical Co, St Louis, MO) £ ii JD L fc Ma 1 1 Extract Agar (ME A, Oxoid, Basing 
stoke, England)-? 5 — 6 B M 3 0 tTTSSIU^ U >tf#) *fcttft»J&ft (X 
^ U - n > ^ » ) L^Co (0. 9 % N a C 1 ) £ i£ iJD L , gfjH^ (inoc 

ulation 1 oop) T ft €T * ZL £ \Z «fc 0 AS ^ * JR ft L fc . fif 0 W b * ^ Tfii 

blip Lf: 0 ftftft£2|iI%&L« ft?**^TBfa<0»fl^&*«k3K:£3tt*tt* 

[ 0 0 5 5 ] 

H»«©«*J4W-*5 t ^>n*ffl^TWjebfc. £JE«BUttft*ME"AC:/U-H±TWf 
[ 0 0 5 6 ] 

2 . 2 Mfa<Dmm 

*«J©*ftlC±0>c*/Jxe ( TKorngrynj ) T « , iS^K-fef^^WfcL^ ffllt 

* ft «■ fc . 

[ 0 0 5 7 ] 

rGourmetkornj * <r ;P * £ H « (¥L^jg?l£ ( 0 . 88ft|%) 6 M « 

at. (o. o 2 9»a%) t i o ft nam) \zmmi>. m&v. xzw^Tifem 
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o 

[ 0 0 5 8 ] 

SSS;:tll;l/fc^^Tail3L, ^ LTiJ if 1 . 5x 1 0 4 fl&^/g©iftg£&.5J;5 

C 1 0i5SO»|»ttJiiUfc. U • * U m#)U7s (R. oligosporus) © 1 0 © 

KMwr'<T&m«\zz<Dm3z\z8imLtz. & #mw s n 5 o © ^ b u m 

ICggfefc. 2^C^hiJiii30rTO+^-FL, 3 0l$ra*5«fctf4 0l$P«3»BL 
. 2 0©^hUlU3 5tT"f >+ a ^-M2 0tn*J:t;2 5^fflS[ILt. 1 O © 
ftMft$>tzK> l^©^hUJDl«'f>^ 3 .^->'3>|trtC7U-+l i -fc^Lfc 0 ?g Bf £ # it 

[ 0 0 5 9 ] 

— >^#r!£K:J:9. felcMtSKSiDG 1 8 ( S? ^ n 7 > if U -fe n - ;p (Dich 
loran Glycerol) 18% , Oxo i d L t d. ) ± © n o - - & g£ # ft it ift * iz ffl W L T V> -5 d £ 

Lfc„ **ApH*flsftiBi:ufc»i«**«*-3fc*»&*ij3e-r*&«>fc3 5r-e-f>*i^ 

-hb;t^-^©pHfcjfl!l5£L*:„ 1 0©#g|t*£m>T&a;*ttfcS!|Si£3 0 , C:fc«fctf 

3 5-CT2 o~4 omm* >*3.^-is a >Lftmm, # ^ & * & fg l ^ - ^ # * 

[ 0 0 6 0 ] 

M £ > fi^itfpHlC^^TfiJ^Lfc,, 
[ 0 0 6 1 ] 

* © *s * »a £ t 3 ^ © ^ )\, — -?\zftw en. i^©^;u-^ , ttff^$tx-s^gi#) ( & $? ) 

fc©t#tl;fi^o t. 3 5tT2 0 P# P.JJ *3 «fc 2 5 B# £ W £ 1± fc # gi J* 
J 401 ^l¥ffiC*3^TSiiS©XnT5r^Lfc, J401«-1'> + 3.^-->3>©17B#^^(C 
BEKA#&£WS*b, 2 5 1$ F,fl & tc tt M * « # ST K & T & 0 . l**KJS^»j*LTlr>* 
Citt&fr^fc, 3 5t:t4t^tfci^li^^tttiSA^#tl;fijfT*t), 3 0 "C 
T* £^ 2 1t fc & & \z \t £ 0 m\t <D ® ^ & m L T ^ , 
[ 0 0 6 2 ] 

2. 3 iff} <[g & © » 

* * « # s a . &tt\z&m2 ftfci&mtmmco*- 9 & m*k-rz viz +#t£ & £\zfc?w 
mw^m^mmm^mmv . 7 u - if - t-no fcst»T2i«s#i / fc«i:-f 

a. - h L . 5tT2^H«f)|l, ^^T3 5 < CT2 0^f^'f>^a.^-h 

[ 0 0 6 3 ] 

3^>©^;P-y©y-i7*tfit^$nfc. 5^©»Wtt«A»fC*f*«^WLfcdr-^»r^ 
^L-fc (J189, J401, J 398 , J374 *5 i Zf- J400). 4 O © -Jr — i7 * tf © ^ W ^ n S <h* 
fiff-CS^ir-i' Kfrgl Lfc (J190, J 373 , J 402, * J: Zf J 403) , 1 ~Z> © # gg W © * 1C O 
.^TttJB^JgJBfcLT^jfc (J399K 
[ 0 0 6 4 ] 

!{<^*JltK:Jl©JSjRf4. & ffl L T BS "T (C 3r - £ --f > * ^ - h L fc » fc 

* a. ^ - h Lfz5-— i?<D&< TliJgf ISA^A^fSofc. J399©**tp^©^f^TT 
« # 1^ © 1# 14 £ ^ L ;fc „ MSiMzSiKliaiK ©#SI»©^^^j6£i£i!j£jl<=>-tt-.&3!i 
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[ 0 0 6 5 ] 

*«M©*ttfcb&a«t>Tft*Ufc«BI*«4r-^*6, 20g^2^n>* (Oxoi 
d Ltd., UKJ^TX (Stomacher, Lab Blender Model 400 (BA702 1), Seward M 

edical, London, Engl and) T * q& V ± -f X L % * ft # K ft £ fl§ ^ T M « 43 J: ffl M CD ^ S 

[ 0 0 6 6 ] 

MS <D/£fi , ?JD5>' ^ U ir D — ;P (Dichloran Glycerol) (1 8 % ) 5? * # (A 
gar Base) (DG18, Oxoid Ltd., UK)±t»#rL&o 5* * P 5 > tt » ^ « (Zygomycetes) 

o«rit^(D^s^ffli0jL, *<DttL<Dnm<D&&<D&m&*im\z-rz> 0 1 o o m i 07 u n 

[ 0 0 6 7 ] 

fflitf0ttft&. mmOf&m&m&T 2>r£tb\ZT)l# > F (delvocid) (0. lg/1) (G 
is t -brocades, Delft, The Ne t her 1 ands) * 56 Jo b h U y N > • ^ ;Hj — x . X ^7 X h 
7 £ h • 713— (Tryptone Glucose Extract Agar ) (TGEA, Oxoid Ltd., UK) ± T $J a£ 
Lfco lmlOTU3yh*2 0mlO«*K«*b 1 *OJ:|fiTGE ATI^, 30 

[ 0 0 6 8 ] 

ffiF^iS^ (Enterobacteriaceae) £r^;U# F (0. lg/1) * j| iD L /H t 1/ 7 
h • V y H • /W ;i/ • • T^f— (Violet Red Bile Glucose Agar) (VRBG, Ox 

oid) ±T*nt$tLrco lml«7 l j3yh$20mlCi{[»ti^L, VRBGT±g^ 

[ 0 0 6 9 ] 

*JS»«ttlB»©*€U-r>^*-XK • ^D^MJ^TJh 7 (Reinforced Clost 

ridial Agar) (RCM, Oxoid Ltd., UK) ± T ir L 0 *llie§8tf:J()(: 8 0 TCT 1 

^^8^8 (Clostridium spp. ) £ A* 5 X S CD (Bacillus spp. ) £ N gij f £ fe #> £ 
RCM7#— 0. 0 0 0 5 X-a-h?;H/*;F (Fluka, LabKemi, Stockholm, Swe 
den) 43 0 . 0 2 % y ^7 D t U > (Sigma, St Loui s, USA) £ 5i JD L e ~ — h ^ ^ 
1/7 hMipHOfgg^LTf fflL> ^PXhUy^AB^i (Clostridiumspp.) ^jBKfi 
f«i«ft07->*tC5. D-fe U >ttAv^XJS<D« ( Bacillus spp.) 

O^S^llt^o -> ^ X (Bacillus) <^^*fffflcD7 p l/-h^3 7t:T*2 4^p^-f>^ 
^nxhU^^A (Clostridium) ffiO^l/" h«ilttlT3 7 tT7 2 

[ 0 0 7 0 ] 
[ 0 0 7 1 ] 

4. «4MSS : + 4 { CT©«# 

UMteAft, + 4tTl^fe. ir-* (25g) *«#»M*j£JH«K:«Bll, 

fc , (3. %®S%^-^(D^^Wf¥^ < ffl Jfi ) ) CEt©J:3l:j|HLT 

^ ^ y t < X L fc o 
[ 0 0 7 2 ] 

£ © ffl 3fc K *5 H T , *0«<D|g&, tt^«(Bacillus s ub t i 1 i s ) CD fi 43 £ M ffl <D & g £ S3 

fi£ ^ fct % *> tl & ^ O O 
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[ 0 0 7 3 ] 

im 3 ] 







Jfcffi Hi <Z> M 

f 1 nfl o "F n / tr J* 

« a m # : 

10 1 cfu/g 


(log cf u/g) 

&m m # : 

10* cfu/g 


(log cfu/g) 

« tu pi n : 

10 2 cfu/g 


pH 1 


0 


b. d. 2 


b. d. 


b. d. 


5. 5 


7 


b. d. 


b. d. 


b. d. 


5. 7 


14 


2. 9 


b. d. 


b. d. 


5. 5 


21 


b. d. 


b. d. 


b. d. 


5. 5 


28 


b. d. 


b. d. 


b. d. 


5. 6 


71 


b. d. 


b. d. 


b. d. 


5. 4 


107 


b. d. 


b. d. 


b. d. 


5. 3 



•b.d. = &ttim&*ffi 

[ 0 0 7 4 ] 

&mte*tc.\Z&ft\,tz? 1 > ^\Z&» Z>mm®L$iW) omVtte, Nout et al. (Noul, M 
. J. R. , G. Beernink, et al. (1987). "Growth of Bacillus cereus in soyabean temp 
eh." Int. J. Food Microbiol. 4: 293-301) \Z V ft o T ft o . %g JH £ it & <D J6 \Z &. 
T \Z m t ( m 4 ) . 

[ 0 0 7 5 ] 

[S 4 ] 



^4 : y>f Xr^^lc^iUt^ft^fi 




PH 


m m <d b « 

(log cfu/g) 


* ^ !> * Hi 

(Bacillus cereus) 
(log cfu/g) 


SIS 

(log cfu/g) 




6. 65 


8. 43 


< 2. 7 


< 1.7 


« L 5t X 
( + 4 , 
1 7 0 Pfl ) 


n. d. 1 


» 

8. 59 . 


< 2. 7 


< 1. 7 



[ 0 0 7 6 ] 

Samson, R. A., I. A. van Kooij, et al. (1987). "Microbiological quality of comme 
rcial tempeh in the Netherlands." Journal of Food Protection 50(2): 92-94.). 

[ 0 0 7 7 ] 
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> 10* # £ V h /g 


> 10 s t> £ V h /g 




100% 


98% 


-t? u f> ^ gj 

( Bac illus cereus) 


16% 


11% 


* ft ^ H !> * ■ 
(Staphylococcus aureus) 


22% 


13% 



[ 0 0 7 8 ] 

tl/^Xi (Bacillus cereus) £ <£ Zfi & & zf Y V J* B (Staphylococcus aureus) « <h t> 
l:tt$^EuL#5. JI tt» K43 ^'Ttt»0« 1 l%#tl/^Xi (B. cereu 

s) ^LTa^fflKl 1 3%*t^fe^H^I*B (S. aureus) ^t/uTUfc. d *1 « ft 4> 

[ 0 0 7 9 ] 

5. S!B£|&^dr- ^ ©^fEtitifc 

M^S[^T^^!;^ 5 a©/u;mw > * ^ - ~> 3 >&<D&m&®i5- — * fp ffi l . 

(n = 3 6) £ ^ U ( X — ;H ~ 5 , 1 afFtT^ftt/^lM:M)£l, 5 « # 3t 
ft 0? ) , ( X 1r — )V 1 ~ 5 ) i5iO!fi ( X dr — ;i/ 1 ~ 7 ) tO^TPtt Lfc„ -fete 

■o \i V» fc M J& b , 6~7«Ba^^fiELfe^r-^©flfUfefc^^-r-5o *F^"Itl^dr-^ 
(SS^W^WSHTfeoTiSSfCia^^^ttLTti^^fcCD, n = 1 8 ) £ » T i& T X 

dr-;pi ( ;f ft ) ( # 3? K ft 0? ) <DXir — ;i> £ JB <a T * lc V* T f¥ tili L fc . 

[ 0 0 8 0 ] 

^ofcdtSr^-T. JtSfct^-te^n/i^-^ (3. 5, 4. 6, 4. 0) d 
[ 0 0 8 1 ] 

JfcTf&OJfcHjtOTS d t # T €? 3 . 
[ 0 0 8 2 ] 
6 . O?!? 

£ I fg 4> JO L fc . COWXtfflUftlBMa, S$^J£fiEiffl*£tt3|-f-5tt#:» (B. sub 
tills) . WSfttt**©£*Wi LT»tfftfc*tfi:/ F2J*flf (S. aureus) — & gj 

& s^i-e & o ft ±tt © mm t uit> >=> n & c: t(o^^h<Dt lt mtfntzXMM 

(E. coli) T'&ofc. (B. subtilis) 8««tt8«»&«|Sn, Ann-Sofie Jo 

hansson, Kungsornen AB, Jarna, Sweden \Z o T ffi $ *l . Jtfe^F^^ffi (S. aure 
us) (SLV-350, ATCC 25923) i5«fctf;*:J§§B ( E. coli) (SLV-082) tethe Swedish Natio 
nal Food Administration, Uppsala, Sweden** <b if ^ $ tl # fig (2 0 0 0 : 1) 

[ 0 0 8 3 ] 

6. i Jkmm£.vo<Dmm 

ac»«£4&*»*?isn*±K:i6#b, m-s-t % ± #j © n n - - * 2 h > * » « k « •& 

L-fc. (B. subtilis) 1S«5801:T1 3 ^fflliffil Lit. jg 3 & * ifi "3 lr» 
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TftVr? SfcfclcattftRSjfcfTo It. (B. subtilis) &&Zf±mW (E. coli) 

« 3 7tT2 4 mm-f >*a'<- h L . Hfey H (S. aureus) 3 7tT?4 8 1$ 

[ 0 0 8 4 ] 

6. 2 g*ftJ©:£8?8£f5<Z)gsj!jn 

mm<nmyk\Z&<& o m<»lk&m£.®* 3 2 0 g © * * (gou rme t ko r n ) * in 
L , «fc<S^bT*JPbfc*«*t^:*K^»-r*«**#iL*fc«>lc3 0 # Pel & B L fc. 
^^50. 8 8 % L A c (KEBO Lab AB, Spanga) £^tf7k*T2t:T-6R$f B 1}gJil<Zi. * 
> :/ U > *S©Bt><Dg|$#£0. 0 2 9 % L A c (KEBO Lab AB, Spanga) i5 «fc # 7 

5 Om 1 mtzK) 6 g ©N a C 1 £ i t> 1 0 «• IW *» L fc . =t$5L/t**£i£&:feJ;tfft 
SI (*3«fc-?-40 < C*T) b, 'jy^X-7j-U^X#;i/X (R.oligosporu) (jttl g$fc 
0 1 0 s Ofi^F ) Sftl L fc. »llLfca£*|£'*hiJJDLKtt«>, 35tt20l&1O 
+ a^~ Mit. 
[ 0 0 8 5 ] 

ia^SSH (a, b, c , d) L . Si)«fl;o^T 2 0 g Sffl^fc. 

(a) mihu^)i<D^mm\z^mm^.ini<DWiisam. 
(c) mm* (Dm-Bf? %><kV)<D$iW(Dftmm\zigLm'&, 

( d ) 58 B£ L. fc - ? o (A T . 
[ 0 0 8 6 ] 

6. 3 Mt%'&e>&mm£.y>owkm 

zf7.#;L-X (R.oligosporu) (^c * 1 g * 0 1 0 5 ©fl&^) * <fc # $ jjffl m <D !g ffi St £ 
[ 0 0 8 7 ] 

tt *** « 8l < a , b) V, &»Wl:oi>T2 0gSl^f: t 

(a) |»lSft5fcftfc»iStlft*t$D'>^ij > ^ L „ 

(b) ^mVfcir- t? C7^T . 
[ 0 0 8 8 ] 

tt^H (B. subtilis) is £ M * (E. coli) £ W © ffl 55 £ «lc L T Sic L tc . Jtfe 
^^^i (S. aureus) , Iyya-^iYJI/va > (Egg Yo 1 k Emu 1 s i on) 2 0 % Sr 
•&^L. t**-/ F (delvocid) (0. lg/1) £iiiluLfcBaird-Parkerlgit& (Oxoid 

Ltd., UK)T##rb, 3 7 *C T? 4 8 f$ HSJ -f > * ^ h L fc. 

[ 0 0 8 9 ] 

mm$LM%> IC *3 UT, tt^M (B. subtilis) , Sfi^H^SI (S. aureus) . 
*8§* (E. coli) Ol>fnt»4Stf. SSLft^ut^iLT^fe ( * 6 43 J: 7 ) 
. WWLfc-r^TOaifeftfc^^T^attK^tt-BflftU^^Jithe Swedish Nati 

onal Food Administration (Guidelines for microbial evaluation of food samples)!^ 
<fc^T:^£*l5BHIJ;t) "b # * K fi o & . 

[ 0 0 9 0 ] 

[£ 6 ] 
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ffi H » (log cf u/g) 




& ft £ £ ft 


& S: KJ ft 


m m 

( B . subtil is) 


3 .9 


b.d.' 


3* 


it & fd»i 

( S . aureus) 


4 .7 


b .d . 


2 1 



'. b.d. <&mmn « io'cfu/g) 

1 . t 1"?XI (B. cereus) 

!« B » i!§ fcfe 7. * 7 w o n ->x (staphylococcae) 
[ 0 0 9 1 ] 
[IS 7 ] 







mm & dog cf u/g) 






m 3E KJ fig 


< B . sub t i 1 i s) 


3.7 


b.d. 1 


3 2 


it F ■> # a 

( S . aureus) 


4.8 


b.d. 


2' 


* K ® 
( E. col i) 


4.0 


2 . 9 


3 4 



b.d. <&ffiK^ (< 10'cfu/g) 
J . tl/«)7i (B. cereus) 

Iig^HtX^7-< P3yx (staphylococcae) 
4 . I>fDA^f l J7v7l (Enterobacteriaceae) - j£ $c 
[ 0 0 9 2 ] 

o 

[ 0 0 9 3 ] 

7 . Sfc§£±©¥Ftf 

[* 8 ] 
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« 8 : ±mm 








« » L in 


5 -y ^ 73 V (*& ft ) 1 
(g/lOOg d. m. ) 


5. 0 


4. 8 


4. 3 


Q - if ;\s jb > 
C 5 ! ^ ft ) 1 


2. O 


1. 6 


1. 5 


0 - ^ # V 
<**ft) 1 
(g/100 g d. a. ) 


3. 0 


3. 2 


2. 8 


( ix mo 1/g) 


6. 5 


3. 8 


2. 2 




43 




73 




45 




71 



'HI= SD*#fl¥Jg^ GI=«f J6iffi»« 
[ 0 0 9 4 ] 

1 Aman, P, Graham, H (1987). 1987. Analysis of total and insoluble mixed linked ( 
i-] 3) , (1-] 4) - Beta-D-glucans in barley and oats. Journal of agricultural and foo 
d chemistry. 35: 704-709. 
[ 0 0 9 5 ] 

'Skoglund, E. Carlsson, N.-G. and Sandberg, A. -S. (1997). Determination of isome 
rs of inositol mono- to hexaphospha t es in selected foods and intestinal contents 

using high-performance ion chromatography. J. Agric. Food Chem. 45 (2) : 43 1 -436 ; 
Skoglund, E. Carlsson, N.-G. and Sandberg, A.-S. (1998). High performance chroma 
tograpic separation of inositol phosphate isomers on stron anion exchange column 
s. J. agric. Food Chem. 4 6 (5) : 1 8 7 7- 1 88 2 . 

[ 0 0 9 6 ] 

S Y. Granfeldt, I. Bjorck, A. Drews and J. Tovar. An in vitro procedure based on 
chewing to predict metabolic response to starch in cereal and legume products. E 
uropean Journal of Clinical Nutrition (1992) 46, 649-660. 
[ 0 0 9 7 ] 
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WO 02*69738 PCT/SE42A0357 
Method for the production of fermented cereal food products and products thereof 

The present invention relates to improved methods for the production of fermented food 
5 products for human consurnrrtion, and in particular a fermented cereal food product based on 
whole grains utilising molds of the Rhizoptis genus. 

Background of the invention 

The world's population is increasing and the food supply is getting more and mote important 
Furthermore, the production of food has a considerable negative effect on the environment, 
10 especially the waste from the production of ernroal protein. The loss of energy is also higher 
when food b prodoced from arrimal sources than from cereals. In order to feed a growing 
population, the countries of the world have to review their present usage of all raw materials 
potentially suitable for food and convert more of the present animal feed into food for 

15 The market for vegetarian food is growing with on increasing speed md the interest in using 
plant foods as a replacement or a supplement to food from animal Bounces is becoming more 
widespread. This is exemplified inter alia by the market success observed for the recently 
introduced mycoprotcin products One objective of the present invention is to make available 
improved methods for the production of fermented cereal products. 

20 In Indonesia, meat is often substituted with tempeh (tempe), a soybean product made through 
fermentation with a fungus. Tempeh can also be made from other raw material such as beans, 
peas, wheat etc. Tempeh in Indonesia is often made at home in a small-scale production, 
while in Holland, Japan, and the USA, large-scale productioa of soybean tempeh has been 
implemented. The production of tempeh is however prone to microbial contamination and 

25 quality variations. Another objective of fee present invention is thus to make available an 
unproved process for the production of fermen te d food Products of tcmpch-typc 

Cereals (Wheat, Barley, Rye, Oats) have excellent nutritional properties. Cereals are often 
used as animal feed. Wheat and oats are also used eg. for making breakfast cereals, while 
wheat Oour h used for bakery and bread. Barley is mainly used for beer production. Rye is 
30 mostly used for taking bread. One objective of the present mvention is to make available 
novel cereal-based products in order to increase the use of cereahtm^ 
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valuable properties of cereals benefit the consumer. Another objective is to produce cereal- 
based products exhibiting improved nutritional value, such as improved mineral availability, 
improved vitamin status end retained low glycacnric indent. 

Barley {Hordeum vufgare) has excellent nutritional properties bur is presently mainly used as 
5 animal feed. Among barley based products for toman consumption, beer constitutes tbe 
largest product In beer however, not all of the valuable properties of barley benefit the 
consumer. One objective of the present invention is thus to make available novel barley-based 
products to increase tbe use of barley in human food. Another objective is to produce barley- 
based products for human consumption, said products exhibiting improved nutritional value, 
10 such as onproved mineral availability and improved gtycaemic index. 

Prior art 

More than three decodes ago. Hesscitme et aJ, (New fermented cereal products. Dev. fad. 
Microbiol., 1967, S, 179-186) showed that fermented tempeh-rypo products can be prepared 
from wheat, cats, rye, barely, rice, and combinations of ike or wheat whb soybeans, using 

1 5 selected strains of Rhizopus oiigosporus obtained from Indonesian tempeb fermentation. 

Cracking of the dehulied seeds was found essential for good growth of the moM. Also barley 
was tested, in the form of dehuUed and cracked seeds, and found to require a boiling time of 
12 minutes prior to ferrnentation. Tbe experrments of Hcssdtme et al. showed that only 
certain strains of Rhizopus could be used- Those strains which possessed highly active 

20 proteolytic and lipolytic enzyme systems, but had little or no amylase activity, turned out to 
be best suited for the production of cereal tempeb. from d eh oiled and cracked grain. 

XP 5815814* A (JP 19820039413 of March 15, 1982) discloses a method of producing 
fermented food, wherein beans, cereals, and nuts are grinded. Water is added, and tbe 
resulting pulp is subjected to a preliminary fermentation, after which the pulp is heated and 
25 the pH adjusted to 4.0 - 7.0 by the addition of an acid. Then water is remo ved until the water 
content teaches 30 - 65 %, a microorganism belonging to the species Rhizopus oiigosporus is 
added, and the pulp fermented at 28 - 34 °C. The product is claimed to be useful in western 
style cooking and possible to preserve in frozen form. 

More recent sources, such as Nowak (Acta Btotechnol., 12 (1992) 4, 345-348) hst several 
30 problems related to the prcKjuction of cereal tcmpeh and recommends the mixing of cereals 
with legumes to produce good texnpeh, 

2 
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According to on earteosivc review article by Kachmeistcr and Fung (Critical Review in 
Microbiology, 19{3>:137-188 (1993)) the use of various corals for the production oftempeh 
has been evaluated. Tempch mode from barley, wheat, and rice has been shown to lave 
excellent flavour, texture and aroma. Hachmcistcr and Pang discuss a possible acid pre- 
5 treatment for the purpose of preventing the growth of unwanted microorganisms. It seems 
however that this was applied to soybeans only, and Hacfcmcister and Fung state that 
ocidification would not be necessary when using wheat as raw material, indicating that 
acidification of cereal raw material is not necessary. However, according to the best 
knowledge of the present invemors, a cereal based product docs not xcm to have reached the 
10 market, which indicates that the practical problems involved have not been overcome 

In the above review, the authors Hachmeister and Fung state that previous attempts to use 
whole wheat without milling resulted in poor mold growth, it has also been found that tempeh 
produced from whole grains, including sarghran. wheat, and triricalo, lacked patty integrity 
and was not fit for slicing. 

1 5 Aiming to develop new fermented cereal products for human consumption, health and safety 
aspects must be given high priority. Other issues to be considered include the nutritional value 
of the product, such as the availability of nutrients, the glycaemic index, the microbial 
content, Savour, texture, and the overall appesraoce of Jbe product 

A specific aim of the present invention is to make it possible to preserve die structural 
20 integrity of the grain, a feature previously considered impossible. It would be very beneficial, 
in particular from a nutritional point of view, if this could be achieved, ft is also necessary to 
consider the stability and manageability of the process, its economic feasibility as weO as 
other practical or economical issues. 

Summary of the invention 

25 The present invention pro vides a new, improved process for the production of rennented 

whole grain based cereal products using a Rhizopus mold, and in particular novel barley based 
products of this type. By implementing an improved process as specified in the attached 
claims, mcorporated herein by reference, the present inventors have produced a fermented 
whole grain based cereal product, and in particular a fermented barley based product, while 

30 avoiding or irnnimising Rhizopus sporulaiion, obtaining an agreeable flavour and texture, 
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good appearance, end microbial safety and stability. Further, the end product is homogenous 
and the inventive process exhibited good repeatability and reliability. 

Description 

Barley (Hardcum vulgar* L) is one of the main crops in Sweden. The growing season is quite 
5 short and the resistance to drought, flood and frost is good. Barley has been grown tor about 
8000 years and it is known in all old cultures. 

The barley kernel is harvested wife the ball intact. The hull consists of palea and lemma and 
is strongly attached to the pericarp (fruit coat). The caryopsis consists of pericarp, seed coat, 
germ and endosperm. The aieurone layer hi barley is multiple layered and the endosperm cells 
10 arc packed with starch ernbedded in a protean matrix. 

When barley is refined for human consumption the husk is removed by detailing processes. 
The kernel can men be polished in a process known as pearhng. to remove the embryo and the 
aieurone layer. By varying the degree of pearling the ash contest is changed. Defaulted barley 
can also be processed into barley grits by cartting the kernels to oonvenient sizes. 

15 Whole grains in this contexi means grains after at least partial removing of the embryo and 
the aieurone layer (where applicable), however maintaining the basic geometry and structural 
integrity of the seed. A whole grain could also be defined as a substantially bolanicaHy intact 
grain, however with the above exception of the removal of the embryo and me aieurone layer 
(where applicable). 

20 In varieties known as "naked barley" the hull is practically absent, and the steps of dehullmg 
and polishing can be avoided. Thus possible losses of rntneraJs, vitamins, and important 
dietary fibre components is avoided. There is however an increased risk that the seeds carry 
microorganisms, the amount of which usually is reduced in the dehullmg and polishing steps. 
These varieties, when used as such or after minor prc-rrcalmcnt, are also encompassed in the 

25 definition "whole grain cereals". 

The composition of barley varies due to environment and genotype. The major chemical 
constituent of the barley kernel is starch, the amount of which varies inversely with protein 
percentage. Starch content varies between 53-67 percent. The amylopcntin content of barley 
starch is about 74-78 %, leaving abaci 22-26 % amylose. The protein content is generally 
30 between 9-14%. 

4 
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The dietary fibre content of pearled barley is around 16 percent, and the dorninsting 
constituents are cellulose, xylan structures, Hgnfn and ^-glucana. Dietary fibres are of 
considerable importance in human food, since the general view is thai Iho intake of fibres con 
have positive physiological effects, such as reducing blood cholesterol levels. Barley contains 
5 a sizeable amount of P-glucans, accounting for approximately 75 % of the endosperm cell 
wall constituents. In the cell nulls, &-gluams are linked to proteins, forming a barrier to the 
action of proteolytic and amylorytic enzymes. 

11 is evident for a ski lied person that the differences between soybeans, (be traditional raw 
material for tempeh, and barley are considerable. The main constituent of soybeans is protein. 
10 while that of barley is starch. Ttiereforc the fungal growth cannot be expected to be similar on 
these substances. Consequently the present inventors identified large differences in the 
function between different JL oligosporua isolates when applied to the production of cereal 

The present inventors mako available an improved process for the pxoductioo of fermented 
IS cereal products from whole grains, and in particular fermented barley based products of 
tern pen typo, 

Specific objectives for the process and product ere listed in Table 1: 

Table 1. Desired properties of the process and product 

High stability of the jnocesa 

High hygienic standard 

Improved texture of the fermented grains 

Improved taste (neutralisation of the inherent taste of the cereal used) 

Increased availability of nutrients (minerals) . 

Significantly reduced phytic acid concentration (> 70%) 

Formation of chihh / chitosan 

Formation of ergosterot / provitamin D 

Retained low glycaeanc index 

Good handling and storage properties of the product 

Good adaptability / compabhility to &rrther use 
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It was surprisingly slio wn that the Incubation throe was the single most important parameter in 
ihc production of fermented cereal products from whole grain, and in particular in the 
production of whole grain barley tempefa. Furthermore, (he choice of isolate, the soak time, 
the boil time and the pH in the soaking step were important factors, as well as die incubation 
5 temperature. Surprisingly, the concentration of spores in the inoculation step was less 

important. This is an interesting finding, as it implies thai the improved process according to 
the invention has an inherent stability against variations in the inoculation atep. It was also 
surprising, in light of previous published studies, that it was possible to use whole grain to 
produce not only an acceptable product, but a product of high quality and having many 
10 additional advantageous features. 

Cereals arc hosts to a large micro-flora, both organisms that invade the seed kernel and 
organisms that adhere to the surface. The most important contaminants of cereals are fungi, 
eg, species of Ate Aspergillus, PeniciUium and Fuscrrium genera. Among bacterial 
contaminants, Bacillus mbtilis is known to cause ropiness in bread. In a microbial challenge 
15 test, performed by the present mventora, using Bacillus svbtiUs, Staphylococcia atnvus, and 
Escherichia coli, the inventive process was found to exhibit an inherent resistance against 
nucrobial examination and the end product contained no or very few of tbeutimwgarusroa 
used in the test 

The microorganisms were added both before soaking, and after boiling,, in separate 
20 e xp e rim e nt s, in order to exemplify different modes of contamiriarion. The results indicated 
thai A suhlilis, S. aureus, or E. coli neither survived nor grew in the fermented product. This 
- is a surprising and highly satisfying result, as it is widely known mat the bacterial content of 

The present inventors also found the soaking time to be of considerable importance, as ft 
25 urguenced the amsdstency of the barley kernel to a large extant. A soaking time in the range 
of about.4 to 8 hours, preferably about 5 to 65 h, and moat preferably about 6h was found to 
be suitable for the production of a fermented whole grain cereal product, and m particular a 
fermented barley product of teropeh type. This result was surprising, as soaking has 
previously not been recognised as an mrpc*tam parameter. 

30 Acidification of the soak water is known to prevent the growth of undesirable spoilage 

bacteria, yet, it does not inhibit the Rhizopuj mold. Acidification of the soak water has been 

6 
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disclosed £6r the production of soybean tempeh, but literature sources {supra) indicate that it 
would not be necessary in the production of cereal tempeh. The present investors however 
surprisingly found that the initial pH of the soak water should be very low, preferably below 
about pH 4, allowing for a slight pH rise during the duration of the soaking. Most preferably, 
5 the initial pH is aboct 2-5 and the end pH aboui 3.5. 

The acidification is achieved, according to one embodiment of the present invention, by the 
addition of □ suitable acid to die aqueous solution used in the soaking step. Suitable acids are 
adds generally recognised as safe (GRAS) and approved for use in food products. Examples 
of suitable acids include acetic acid, lactic acid sod propionic acid. Preferably lactic acid is 
10 used, and preferably at a concentration of aboat 0.7 - 1 % by volume. 

An acidification can also be achieved by die addition of acid producing rniaoorganisms at a 
point in the process, before the incubation step. Acid producing microorganisms include 
acetic acid producing microorganisms, lactic acid producing miooorganisnts and propionic 
acid producing nucroorganisms. The group lactic acid producing microorganisms include 

1 5 nricrooTgarusms of the genus Lactobacillus. Lactococau. Leuconostoc. Pedicoccus. and 
Streptococcus. These rrncrc^Mgarrisow are characterized in that they are Gram positive, non- 
sporulating, catalase-aegative, exhibit a fermentative- metabolism and mat lactic acid is their 
rnajor end product daring sugar fomentation They are further add tolerant and aero tolerant 
anaerobes. Examples of species used in the production of foods and thus readily suitable for 

20 use according to the present invention include Lactobacillus acidophilus, Lactobacillus casa, 
IsOctobaciBus plantarum. Lactobacillus sanfrancisco and Lactobacilha raiuerL Also species 
of the remaining groups or genera Leuconostoc, Pedicoccus. and Streptococcus have utility in 
food production and can be used or adapted for use in a process according to the present 
Invention. 

25 Partial cooking or boiling of the cereal raw material is also known to play a vital role in the 
production of fermented cereal products. The present inventors however surprisingly found 
thai already a short boiling tune was sufficient, whereas prolonged boiling tiroes resulted in 
negative consequences for the product quality. The boiling time Ls preferably in the interval of 
about 7—15 minutes, a boiling time of about 10 minutes being most preferred. 

30 Whereas previous studies mostly have involved boning steps only, the present inventors 

foiaid a speeffic combination of soakmgan^ of 
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the cod product. A longer boiling time did not give the some elasticity of die kernel as did the 
combination of soaking and boiling. This effect, highly importan t for the sensory quality 
(mouthfrcl), hag not been reported carter. For example, when barley grains were soaked for 6 
bows and then boiled for 30 min, the grains became very sticky due to gelarinisanoo of the 



It was further shown, that the choice of isolate influences both taste and colour of the end 
product. Tea different isolates of -ft. oligosporus (ex soy-tcmpeh) of different geographic 
origin were evaluated. Sec Table 2. The isolates will be referred to by their culture number 
(JXXX, Dept. of Microbiology, Swedish University of Agricultural Sciences, Uppsala, 
10 Sweden). Among the JL oJigospcrus isolates used, especially J 189, J401, and J3 73 exhibited 
good properties with regard to consistency, smell, and colour of (he cod product 

Table 2. The studied Isolates 

Culture No. Deposit No. 

J189 NRRL2710 

J 1 90 NRRL5905 

J373 CBS 337.62 

J374 CBS 339.62 

J398 ATCC 48011 

J399 ATCC 48012 

WOO ATCC 48109 

M01 ATTC 64063 

J402 ATTC 76011 

J403 CBS 228.95 

As cereals are known to contain ant i -nutrients, such as phytic acid, which chelates divalent 
IS cations and prevent these form being absorbed in the human intestinal tract, it was one aim of 
the present invention to address this problem, ft was desired to lower the concentration of 
phytic acid, and thereby make possible a higher uptake of minerals as the amount of chelated 
minerals is minimised. Surprisingly, the present invention makes it possible to tower the 
phytic acid content by more than 70 %. 

20 The present inventors have found mat the incubation is best carried oat at a temperature in the 
range of about 30-37 °C. Further, the incubation time was found to be of considerable 
importance. Far the production of a fermented cereal product, and in particular a fermented 
whole grain barley based product of tempeh type, an incubation time of about 15-25 hours is 
preferred. An incubation of about 17 -23 hours is considered most preferred. 
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It was found that the fungus growth was very good, and the fungal myccha evenly distributed 
in the entire product The product was coherent and easy to handle, eg. to slice The inventive 
product also retained its shape during further processing, such as boiling or frying, making it 
very useful as on ingredient in various dishes (e.g. m a stir-fry dish). This result is surprising 
5 in light of the prior art advising against the use of whole cereal grains. 

The inventive process yields an end product having only a very foiTrt , neutral and pl easan t 
taste and flavour. The product also has a light, neutral colour. Both these factor*, not 
encountered in traditional products of tempefc type, makes it easy to add a desired taste, 
Savour or colour to the orventrve product. Natural or artificial flavouring and colouring agents 

10 can be added, cither to the cereal raw material before ferjnentatioa, or to the end product, or 
both to the raw material and the end product, depending on the colouring and flavouring 
agents used Suitable colouring and flavouring agents are Batumi colours and flavours, salt, 
spices and dehydrated, dried or roasted vegetables, such as dry onions etc. According to one 
embodiment of the invention the product is blanched in water containing the desired 

15 flavouring and colouring agents. 

The present inventors have also found that the relative humidity of the gas phase surrounding 
the cereal mass during incubation plays an important role. This is associated wife the question 
of even pac kag i n g of the inoculated mass before incubation- In large scale production, it will 
be important to control the relative humidity and the gas composition, as well as the 
20 circulation of the surrounding atmosphere during incubation. 

The present inventors also found, that the inoculated cereal mixture can he deep frozen before 
rermentanon without loss of microbial quality. Not only was it possible to produce an end 
product of high quality, it was surprisingly found that the heezing step had a retarding effect 
on the spoliation behaviour of the auuority of the isolates tested. 

25 Freezing of the fomented product was also attempted. Surprisingly, the product could be 

frozen and thawed without damage to its structure or quality in other aspects. This result was 
unexpected, as fungal mycelia could be expected to be destroyed in the freezing, leading to 
unwanted deterioration of quality. 

It was also rarpri singly found, that the inventive process was successful in retaining the grain 
30 structure of me cereal used. The resulting end product had a very appealing roouthfeel and 
gave a chewing resistance resembling that of meatlo&C 
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The hygienic stability of the inventive process was shown to be very high and inherently 
resistant to contaminations. The end products exhibited high stability, as evidenced by their 
long shelf-Ufa It was shown thai products produced according to (be inventive process' can be 
stored at + 8 °C for over three months. Overall, foe desired properties ofboth (he process and 
5 the product (eft. Table 1) were achieved by the inventive process I product. 




1 . 1 Soaking conditions 

A total of 300 g grain ("Gourmeikanr pearled and heat-treated barley, and "Korngryn", 
10 barley grits, both from Kungsoxnen, lama. Sweden) was soaked in 500 ml of tap water. Lactic 
acid was added to the soak water to achieve various concentrations: 0.044, 0.462 and 0.83 % 
by volume. Soaking times of 1. 3.5 and 6 hoars were evaluated. The flask was sealed and left 
at2*C. 

An evaluation of foe results showed thai the soaldng time should be in the range of about A to 
1 5 8 hours, preferably about 5 to 6.5 h, and most preferably about 6 b. A concentration of lactic 
acid in the range of about 0.7 -1 % by volume was found advantageous. 

1.2 Boiling 

The soaking water was drained off and the grains were added to 750 ml of boiling water 
containing 6 g salt (2 g/1 00 g of dry grains) end lactic acid at different concentrations: 0.029, 
20 03095, and 0.59 %. The grains were then boiled for 1 0, 20, or 30 min. 

The results indicate that a boiling irm* of about 10 minutes is best suited under the conditions 
used. A longer boiling time led to gelatmisation of the starch. 

13 Acidification 

The effect of acidification and the consequences of boiling at an acidic P H were evaluated by 
25 adding lactic add to the boihng water. A concentration of about 0.01 — 0.1 % by volume was 
found to be advantageous. 
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2, Evaluation of R. olieasportts isolates 

Since w initial screening showed thai the incubation time and the choice of isolate were the 
two most important parameters during production of fungal fermented cereal grains, the 
present inventors wanted to investigate if other isolates of Jt oligosporus could produce 
5 acceptable end product 

Ten different isolates of Rhtzopus oligosporus were maintained on silica gel at 2°C. The 
isolates were from Centraalburcau voor Schimmel cultures (CBS), Delft, The Netherlands or 
American Type Culture Collection (ATCC), Manassas, V A, USA or Northern Regional 
Research Laboratory (NRRL), Peoria, IL, USA, but are hereinafter referred to by their culture 
10 number (JXXX, Dept of Microbiology, Swedish University of Agricultural Sciences, 
Uppsala, Sweden) (err. Table 2): 

J189, J190, J3T3, J374, J398, J399, J4O0, J401, J402, and J403. 
2.1 Preparation of inoenh 

To obuiin sporaogioqjore suspensions, isolates were grown on Mall Extract Agar (MBA, 
1 5 Ovoid, Basingstoke, England) plates (screening) or slants (after screening) supplernented with 

100 ppm chJormnphcnicol (MEAC. Sigma chemical Co, St Louis, MO) for 5-6 days at 30°C. 

Spores were harvested by adding physiological salt solution (0.9 % NaCl) end scraping with 

an inoculation loop. Spore suspensions were removed and then mixed by shaking. 

Suspensions were washed two times and the spores were then resuspended in physiological 
20 sah solution to desired concentrations. 

The concentration of the suspensions was derermined using a counting chamber. Viability 
tests were performed occasionally on MEAC plates to confirm the concentration of the spore 
suspensions. 

2-2 Fermentation of cereal grains 

25 Initial e*rjeriments showed that the barley grits ( M Komgryn'0 did not give satisfactory results, 
manifested as a high degree c*gcumnization r as well as high bacterial counts. Thus the study 
was continued with whole grains only. 
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"Gourmedcorn" was soaked, boiled, drained and cooled in the same way as a model system 
[soaking in lactic add solution (0.88 % by volume) for 6 hours, boiling in lactic arid solution 
(0.029 % by volume) for 1 0 minutes), found to give exoeUent results in a screening assay. 

Grains were prepared according to mis, and men inoculated with ten different isolates to a 
5 concentration of approximately 1 .5x10* spores t gram. All tea isolates of JL oligoxpoms were 
osed separately in the study. For each isolate, the inoculated grains were packed in fivepetri 
dishes. Two pistes were incubated at 30°C and left for 30 and 40 b and two plates at 35°C for 
20 and 25 h. One petri dish per isolate was transferred to fee freezer before incubation. When 
the fermentation was stopped, the cakes were transferred to the freezer. Before sensory 
10 evaluation, all cakes were thawed at room temperature for 2 h. 

Since a screening study showed that the responses with relation to colour and colony forming 
units on DG18 (Dichloran Glycerol 18 %, Oxoid Ltd.) were highly correlated, me results of 
(his study were only evaluated for consistency, odour and colour by a test panel. To determine 
if any isolate censed great pH changes, the pH of the cakes incubated at 35°C was also 
15 measured. Ten isolates were used and the inoculated grains were incubated at 30 end 35*C for 
20-40 h, resulting in a wide variety of fermented cakes. 

Growth of mycelia tended to be surprisingly different between different isolates. Some 
produced a thick elastic mycelium, sometimes sporulated, and some produced more cotton- 
like mycelia with a slightly acid odour. Speculation was described by a high colour value. 
20 Results were determined as odour, consistency, colour and pH. 

The results fell into three major groups, where one group comes closest to what was defined 
as acceptable products (good). Isolate J401 grown at 35°C for 20 and 25 h scored best in the 
evaluation. J40I showed good growth already after 17h of incubation and after 25 h the 
myceKom was very duck and not highly sporulated. The odour was described as neutral to 
25 very good when grown at 3S°C and when grown at 30°C the odour had a more acid tonch. 

2 3 Fermentation after freezing conditions 

Since the present inventors also had an interest in knowing whether spares survive freezing 
conditions well enough to produce similar cakes as fresh, inoculated grams do, grains were 
inoculated with spore suspension* of all isolates and incubated after two weeks storage in the 
30 freezer (- 18°C). Plates were thawed for 2 h at 5*0 and then incubated at35°C for 20 h. 
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Three groups of cokes were identified. Five isolates were classified as cakes with good mold 
growth (J 189, J401 , J 3 98, J374 and J400). Four cakes were classified as cakes with less good 
mold growth (J 190, J373, J402, and 3403) and only one isolate was sporulated (J399). 

Surprisingly, this result differed a lot from the results obtained in trial runs, in which the cakes 
5 were incubated immediately after inoculation and packaging. Sporulation was almost not 
detectable in the cakes after freezing followed by incubation, while sporolafioo was abundant 
in many of the cakes incubated without previous freezing. Only J399 exhibited almost 
identical characteristics under both conditions. Apparently the freezing stop has a retarding 
effect on flue sporulation behaviour of most isolates. 

10 3, ffygjenjc evaluation of femcpted cereal, cakjea 

From a fermented cereal cake, produced according to the inventive method, 20 g was 
"homogenised in 2 % peptone water (Oxoid Ltd., UK) witb a stomacher (Stomacher, Lab 
Blender Model 400 (BA7021X Seward Medical, London, England) and a serial dilution was 
used to analyse the content of fungi and bacteria. 

1 S Fungal growth was analysed on Dicbloran Glycerol (18%) Agar Base (DG1 8, Oxoid Ltd,, 
VKX Dichloran reduces the radial growth of Zygomycetes and makes it possible to detect the 
presence of other fungi Aliquots of 100 uJ were surface plated and plates were incubated at 
25'C for 5 days. 

The total number of bacteria was determined on Tryptonc Glucose Extract Agar (TGEA, 
20 Oxoid Ltd., UK) supplemented with delvocid (0.1 g/litre) (Gist-brocades, Delft, The 

Netherlands) to inhibit fungal growth. Aliquots ofl ml were mixed with 20 ml media, oyer 
layered with TGEA and then incubated at 30*C for 72 h. 

Entrrobacteriaceae was enumerated on Violet Red Bile Glucose Agar (VRBG, Oxoid) 
supplemented with delvocid (0.1 g/T). Aliquots of 3 ml were mixed witb 20 ml media, over 
25 layered with VRBG and trjen mcubated at 37°C for 24 a, 

The amount of sporeforming bacteria was enumerated oo Reinforced Clostridial Agar (RCM, 
Oxoid Ltd., UK). Heat-tosatroeot at 80°C for 1 3 rain were performed to loll vegetative cells 
and then 100 u.1 aliquots were surface plated. RCM Agar was STrppIcmenled with 0.005 % 
neutral red (Ftoka, LabKenn, Stockholm, Sweden) and 0.02 % cycloserine (Sigma, St Louis, 
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USA) to differentiate between Clostridium spp. trad Bacillus spp. Neutral red acts as pH 
indicator, which gives yellow zones when Clostridium spp. grow and cycloserine inhibits 
growth of Baciiha spp. The pistes forBaciihis analysis were inccbated at 37*C for 24 hand 
Clostridium plates were incubated at anaerobic conditions at 37°C for 72 b. 

S The results showed that the acidification diminished bacterial growth in the end product In 
genera!, the hygienic evaluation showed that the inventive process prodoces fermented 
products of high hygienic quality. This was also confirmed by the microbial challenge test, 
presented below. 

4. Hviacmc quality --storage at -M g C 

10 The fermented product was produced according to the inventive process, and cakes of said 
product were boiled in water for 3 minutes, directly following irK^vation. After cooling in 
room lempexamre, cakes of (he fermented product were placed in clean petti dishes and 
placed st +4 *C Samples (25 gram) from the calces were taken pcriodicalry during the- storage 
time. The samples were further treated and homogenized as described in 3. Hygienic 

The total number of bacteria, the amount of Bacillus subtilis and fungal growth were 
measured in this study. The results are shown in Table 3. The methods for analysing them 
were the same as described above. The product exhibited a surprisingly high degree of 
hygienic stability, with no growth of bacteria and fungi during 1 5 weeks of storage at 4 e C 
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Table 3. Content of eMCroorgwdsms in fermented product during long-term storage 



Day 


Xotsl number of 
bacteria 
(logcfo/g) 

1/KCvuOn luulL. 

10 1 cfii/g 


(lOg Cftt/g) 

Detection, limit 
lOrcfb/g 


Fungi 
(logcfu/g) 

Detection limit 
10*ciu/g 


PH 1 


0 


b.d. 3 


b.d. 


bd. 


53 


7 


b.d. 


b.d 


bxl. 


5.7 


14 


2.9 


b.d. 


b.d. 


53 


21 


but 


b.a. 


b.d. 


53 


28 


b.d. 


b.d 


b.d. 


5.6 


71 


b.d. 


b.d. 


bd. 


5.4 


107 


b.d. 


b.d 


b.d. 


53 



5 : measured in the fim decima] dilution 
3 b.d. = below detection 



A study of spoiling microorganism in fresh or stored soybean tempeh was performed ofNout 
ct al. (Nout, M. J. R., G. Bcenjink, et aJ. (1 987). "Growth of Bacillus cereta in soyabean 
10 teropch." Em, J, Food Mtaobjol. 4: 293-301). The results are shown below for comparison 
(Table 4): 
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Table 4. Content of microorganisms in soybean tempeh 





PH 


Total number of 
bacteria 
(log cfu/g) 


BaeJttus cereoa 

OogCfu/R) 


Yeaats 
(logctWg) 


Tempeh tresh 


6.65 


8.43 


<2.7 


<1.7 


Tctnpefc stored 
{+4°C, 17 days) 


nuL 1 


B.59 


<2.7 


<1.7 



*not determined 

5 

Further, e survey of the microbial quality of commercial soybean tempeh was done in the 
Netherlands. This study shows data (Table 5) from actual samples collected in stores, 
repsesentihg products that been stored up to 4 weeks after production. (Samson, R- J. A. 
van Kooij, etal (1987). "Microbiological quality of commercial tanpeh in the Netherlands.* 



Table 5. Percentage of comm. 


I): 92-94.) 

trslstf samples containing difft 


real amounts of bacteria 




More than 10 3 counts/gram 


More than TO 5 counts/gram 


Total number of bacteria 


100% 


98% 


BacQUo cereus 


16% 


11% 


Staphylococcus aureus 


22% 


13% 



Both Bacillus cereus and Staphylococcus aureus can cause food poisoning fn this survey 
about 1 1% of the samples contained^, cereus and about 13% of the samples contained 
15 5 aureus in ncnabcra, which may cause food poisoning. 

S t Seqy»ry evaluation of femtPtcd screql cakes 

An untrained panel of 5 persons evaluated the fermented cereal cakes after incubation. Cakes 
(n - 36) were evaluated according to odour (scale 1-5, where 1 corresponds to unacceptable 
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and 5 is very good), consistency (scale 1-5), and colour (scale 1-7). Colour was described by 
using a colour scale. A colour degree of 1 corresponds to no growm, 3-5 corresponds to 
acceptable, whitish colours and 6-7 corresponds to (be dark colours of speculated cakes. 
Acceptable cakes (good hygienic quality and not highly sporulated, n «=■ 1 8) were fried in oil 
5 and evaluated for taste using scale 1 (not good) to 5 (excellent). 

The fermented cereal cakes were frequently rated "neutral" to "good" with respect to odour, 
and I - 4 with respect to taste, indicating that the taste was generally less pleasant than die 
odour. Cakes considered tasty (3.5, 4.6, 4.0) were also produced, indicating the feasibility of 
the inventive method. 

10 The products, produced according to the inventive method, were also subjected to tests by 
skilled panels in food industry during the priority year. The panels gave the product high 
ratings for taste, mouthfcel and overall appearance. Practical tests involving further 
processing in the R&D departments of different manufacturers showed that the product was 
suitable for use as a wwrrponent of a large range of various dishes. The fermented whole grain • 

15 product exhibited good handling qualities and could be sliced, chopped, boiled and fried 
without loss of sensory properties. 



In order to evaluate the microbial stability of the inventive process and its resistance to 
contamination, selected microorganisms were added during me process. Tho bacteria used in 

20 this study were B. subtilis, representing spore- forming bacteria, S. aureus chosen as a 

producer of heat resistant toxin and £. cali chosen as a common contaminant and an often 
used indicator of food safety. The B. tubtUis culture was isolated from cereals and provided 
by Ann-Sofie Johansson, KuQgsornen AB. Jama, Sweden. S. aureus (SLV-350, ATCC 
25923) and E. coli (SLV-082) were isolated from reference samples (2000:1) provided by the 

25 Swedish National Food Adniirastrauort, Uppsala, Sweden. 

6.1 Preparation of fee chal lenge microorganisms 

The challenge microorganisms were maintained on selective medium and colonies of the 
competing organism were mixed with 2 % peptone water. B. subtilis suspension was heat 
treated at 80 *C for 13 min, A serial dilution was done for analyses on an appropriate 
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medium. B. subtil is and S. coU were incubated at 37 °C for 24 h. while £ aureus was 
incubated at 37 °C far 48 h. 

6.2 Addition of the challenge microorganisms before soaking 

The challenge microorganisms was added to 320 g barley (goormedcom) in amounts 
5 proportiQiinl to realistic ccmtarraiiation, well mixed and rested for 30 min to give tbc added 
organisms a chance to adhere to the barley. The barley was soaked in water with 0.88% LAc 
(KEBO Lab AB, SpAnga) at 2 °C for 6 h. After sampling, the remaining part of the barley was 
boiled for 10 min with 0.O29 % LAc (KEBO Lab AB, Spanga) and 6 g NaCI per 750 ml. The 
boUed barley was dried and cooled (to approx 40 °C) and R. oiigosporus (10 s spores/ gram 
10 barley) was inoculated. The inoculated mixture was packed in petri dashes and incubated at 35 
c Cfor20h. 

Samples were taken (a, b, c, d) and for each analysis 20 g was used. 

(a) After addition of challenge organisms for analysing die start levels 

(b) After soaking for analysing the survival/ growth of the challenge organism 

15 (c) After boiling to analyse the survival of the competing organism during boiling 
(d) On the fermented cake 

6.3 Addition of the challenge microcrgernsms after boiling 

A fermented barley product was made according to the abovcr-mentionccd recipe. After drying 
aod cooling a suspension of Jt oligosparus (10 3 spores/ gram barley) and the challenge 
20 bacteria were added to the boiled barley. Tbc cakes were incubated at 35 C C for 20 h. 

Samples were taken (a, b) and for each analysis 20 g was used, 

<a) Inocolated barley was Ktrnpkd to get a start value 

(b) On the fermented cake 

B, subtilis and E. coU were enumerated the same way as in the prestudies. S. aureus was 
25 analysed on Baird-Parker medium (Oxoid Ltd., UK) with Egg Yolk Emulsion 20 %, 
mpplenaeated with dervocid (0. lg/h'ter) and incubated at 37 °C for 48 h. 
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The results showed that if. subtilis, S. aureus, or E. coli neither survived nor grew in the 
fermented product (Tables 6 and 7). In feci, for all tested nucroorganisms, the level of 
contamination in the products wcro significantly lower than the threshold values set by die 
Swedish National Food Administration (Guidelines for microbial evaluation of food samples): 
Table 6: Challenge test I: Survival of bacteria, when added before soaking 





Bacteria] counts (log efu/g) 


Addition 


End product 


Legal threshold 
values 


B.subtilis 


3.9 


b.d. 1 


3* 


aureus 


4.7 


b.d 


2> 



1 b-d. bdow de t ect i on limit (lew than 10* efb/g) 
*B. carta 

'CtaagntesepcettivBttajtyloooeefte 



Table 7. Challenge (est II: Survival of bacteria, when added after boiling 





Bacterial counts (log efu/g) 


Addition 


End product 


Legal threshold 
values 


B-subtUis 


3.7 


b.«L> 


3 2 


S. aureus 


4.8 


h.d 




K coU 


4.0 


2.9 


3 4 



^b.d. bcJow detection limit (has (ban. itf c5i/g) 

J Coasolasc positive stoplykjcoccoe 
UnttnAoctt riocco c— total count 
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The conclusion is that the inventive product exhibits high hygienic standard and stability. 

The product was analysed according to the below referenced methods. The results are shown 
5 in Table 3. 



Table 8. Product properties 



Content 


Bolted barley 


Soaked ana boiled 
barley 


Fermented 
barley 


^gtneans (total) 1 
(fiflOOg <Lm.) 


5.0 


4.8 


43 


P-gtacans (soluble) 1 
(g/IOOgdjn.) 


2.0 


1.6 


IJ 


p-glucana (insoluble)' 
(g^IOOgim.) 


3.0 


32 


2.8 


Phytic acid 2 
(umol/g) 


6.5 


3.8 


22 


Hl*-analysis* 


43 




73 


Predicted Gl** 


4$ 




71 



* HI* hydrolysis index ♦* d= glyceamtc index 



1 Amao,P, Graham, H (1987). 1987. Analysis of total end insoluble mixed linked (l-j3),(l- 
K)- Beta-D-glucans in barley and oats, Journal of agricultural and food chemistry. 35: 704- 

10 709. 

2 Skoghind, E. Carisson, N.-G. and Sandberg, A.-S. (1997). Detennmation of isomers of 
inositol mono- to hexaphospbates in selected foods and intestinal contents using trigh- 
perfbnnanceion chrcniatognrphy. J. Agric. Food Chem. 45(2):43 1-436; Skoghmd, B. 
Carlsson, N.-G. and Sandberg, A.-S. (1998). High performance chramatograpic separation of 

15 inositol phosphate isomers on stron anion exchange columns. J. agric. Food Chem. 
46(5): 1877-1882. 
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3 Y. Granfeldt, L BjorcL A. Drews and J. Tovar. An in vitro procedure based on chewing to 
predict metabolic response to starch in cereal and legume products, European Journal of 
OinicaJ Nutrition (1992) 46, 649-660. 

Although the invention has been described with regard to its preferred embodiments, which 
5 constitute the best mode prcsentiy known to the inventors, ix should be understood that 
various changes and modifications as would be obvious to one having the ordinary skill in 
this art may be made without departing from the scope of flic mveniion as set forth m the 
claims appended hereto. 

10 
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Claims 

1. Method for the production of a fermented food product hosed on whole grain cereal raw 
material with minimal surface alterations, comprising the following steps: 

. soaking the whole grain cereal raw material in an aqueous solution, 

5 • heat treating the whole grain cereal raw material in an aqueous medium, 

acidification of the whole grain cereal raw material, 

- inoculation with a fungus of the Rhizopus genus, and > 

• incubation of the inoculated whole grain cereal raw material. 

2- Method according to claim 1, characterized in thai the acidification consists of the 
10 addition of an organic acid 1o the aqueous solution used for the soaking of the onrcal raw 
materi al 

3. Method according to claim I , characterized in that the acidification consietB of the 
addition of acid producing bacteria chosen from the group consisting of acetic add producing 
bacteria, lactic acid producing bacteria and propionic acid producing bacteria 

15 4. Method according to claim 1 , characterized in that the aqueous solution used for soaking 
tho cereal raw material has an initial pU of about pH 25. 

5. Method according to claim 1, characterized in that the soaking time is in die interval of 
about 4 to about S b_ 

6. Method according to claim 1, characterized in that the heat treatment time is in the 
20 interval of about 5 to about 10 rain. 

7. Method according to claim 1 , characterized tn that the cereal raw material consists 
substantially of barley (Hordam vulgar*) in the form of whole grains. 

5. Method according to claim I, characterized in thai me fungus of me/ftizopusgcmisis 
Rhizopus otigosporvs. 
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9. Method according to ci&ira 1, characterized m that the fungus of the PJiiznpus genus is 
chosen among the Rhizopus cli$osponu isolates J189 (NRRL 2710), J373 (CBS 337.62), and 
J40I (ATTC 64063). 

10. Method according to claim 1 „ characterized in Chat the fungus of the Rhtzopiis genus is 
5 tbe*Atro/«y oUgosporus isolate J401 (ATTC 64063). 

11. Method according to claim 1 , characterized in that the incubation is performed ai a 
temperature in the interval of 30°C op to and [rbcJuriing 37°C 

1Z Method according to claim 1, characterized in thai Lhc iprvriiflfpH whole grain cereal raw 
material is deep- frozen and thawed before fenncntation. 

10 13. Method according to claim ^characterized in (hat the fermented product is boiled or 
blanched in an aqueous solution after completion of the mcuhatton. 

14. Method according to claim ^characterized in that the fermented product is deep-frozen 
after completion of the incubation. 

15. Method according to claim 13, characterized in that colouring end flavouring agents are 
15 added to the aqueous solution used for boiling or blanching the maibated product 

16. A fermented food product comprising whole cereal grains and a tangos of the Rhizopus 
genus. 

17. A fermented food product according to claim 16, characterized in that the whole cereal 
groins mainly consist of barley (Hordcum vu/gore). 

20 18, A fomented food product according to claim 16, characterized in that the fungus of the 
Rhizopus genus is chosen among the Rhizopus oligosporus isolates J 1 89 (NRRL 2710), J373 
(CBS 337.62X and J401 (ATTC 64063), 

19, A fermented food product according to claim 18, characterized in that foe fungus of me 
Rhizopus genus is the Rhizopus oligosporus isolate J401 (ATTC 64063). 

25 20. A fermented food product comprising whole grain cereals and a fungus of me- Rhizopus 
genus, characterized in that the phytic acid content of me cereals is reduced by at least 70 % 
compared to the phytic acid content of me unprocessed cereals. 
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21 . A fermented food product produced by the method according to any one of claim? I - 15. 
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